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A nyber of theoriee have been advanoed" in explana- 
tion of the eroeion of guns but the one reoeiving the most 
oretdenoe at preeent is the #gas wiping" theory bccord.lng 
to which the metal of the interface of the bore melts and 
is removed by the rapid flow of the very hot gas of the 
propellent powder**. The amount of metal wiped off in this 
fasQion,should depend: 

(1) an the nature of the powder, the ohliber and the 
balllstloe of the cannon (which determines the weight 

_ of oharge, the temperature of the ga6, the speed of 
the gaseous ourrent Ecnd the interval during which 
active erosion pereists). 

(2) On the physical properties tf*>tho metal e.g 
the melting point, the specific heat, the latent" 
heat of fusion, the thermal conductivity and tile 
charaateristice of the surface of the metal in- 
fluencing the 8peed of transmlasion of the heat of 
the gas to the metal. 

.< 
In addition, eroelon may aleo be produoed by mechanicsal 
abrasion of the projectile on the bore. 

During the war, Steinmetz auggestect that if’ guns were 
lined with tungsten, they would last indefinitely, since 

* For a short oan&&se ,wuzmaq of IAe various theories with s;acial 
application to rkohine @XII b-la, me “l&oaion in i&chine Gun 
Barrels" by J. e. Gray - Army Ordnnnr?eJ of Jilly-August, 1934. 

** Par a detailed study of thie themy sea,a.rticle entitled "L'ErO3iOn 
dga cB21opgj'f by Mm. Oreaves, Abram and FLeea, of Coolsloi; in Xm~orial 
de L'Artillerie kancsise of 1930. 
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twgrten hae a melting point of about 32OP C while powder 
gas has a temperature of about 2300° C. This sugge!stion 
nae hatily praotluable at the time because of the expense 
of tungsten and the difficulty of machining. However, 
Mr. Kent, after oonsultlng with Major P. L. Alger and other 
engineers of the General Electrlo Company, reaently pro- 
parsed that a liner be constructed oP molybdenum because 
thie metal haa a melting point of 26OOO C and can be 
aaohined, 

blnoe difficulty in machining wne expected because of 
the hardness and heterogeneity of the metal, an attempt was 
fire* made to fabricate a 6 n length molybdenum linw hEving 
an outer diameter of .600y. The barrel, drilled to .5gjO" 
inside diameter, was shrunk over the molybdenum. The barrel 
blank was then rifled and chambered In the ueual manner and 
the portion ahsad of the insert &as reamed over size to .3l2" 
and 1,8rt smooth. It should be mentioned here that the nachin- 
ing of the liner proved exceedingly r!~fflault and left the 
bore and chamber rough and chipped. 

After several rounds, firing hzd to be dlecontinued 
because the molybdenum Insert had been pushed back by the 
pressure of the gasee on it8 forward end. The Fneert war 
brazed to the eteel at the breeah end and eeveral more 
rounds fired but firing had to be stopped again for the 
8am8 reason. It was neaef3eary, In order to continue firing, 
to cut off the barrel at about l/Z" in front of the liner, 
counterboring the hole in this l/2" section to about l/2" 
diameter. This reduced the pressure on the forward end of 
the insert; the l/2" of steel left was necessary to maintain 
the bearing raurface of the barrel on the receiver. 

With these tilterationfi, thf gun functioned perfectly, 
firing at a maximum rate of about 900 rde/mln. The rate of 
fir8 maintained in the teat was such RS to maintain the 
temperature of the one thermocouple placed on the barrel 
at 3000 c. In all 4649 rounds were fired before dlscon- 
tlnuing the teat because of the fact that the lande appeared 
to be very mctah worn. 

In order to have a basis of oomparlson a etandard M2 
barrel aas modified ln the same manner and fired the came 
number of rounds maintaining the same temperature. Both 
gune were1 star 'gauged several timee during the teet. 

Plots at the end of the report show the measurements. 

The star gauge meaeurements of the molybdenum rifle 
are not complete becauee the condition of the grooves 
prevented the insertion of the atar gauge guides. However, 
it ie evident that the grooves of the molybdenum Insert 



ki. ’ 

ia3 after 4649 mu&u ahow no sign of eroalon where measurement0 
sould be made, while the,groovas of the out-off standard 
barrel show, abnormal eroeion. The lands of the molybdenum 
rif?;e show an lnaraaee in diameter but not ae great an 
inoraaee as those of the standard barrel. 

After the firlnge were completed both barrels were 
seationalieed axially and photographe, print8 of which are 
attached, were taken of a portion Including part of the 
chamber, the foroing cone and part of the rifled section. 
Examination of printi No. 1, t&t of the st&ndard steel 
barrel, shows the custor#ary heat cracks Just in front of 
the uhamber. PrinC No. 2 show8 the oorreeponding portion 
for the 'molybdenum barrel; as may be seen, there are no 
bdlat oracke in front of the Qhambar but there are some 
circumferential marks discernible near the 8nd of the 
bartriclge eaee, Them are evidently the tool marks formed 
In the machining qf the gun. They may be oonsidered ae 
strong avidenoe that little or no erosion ocaurred in this 
eeotion of the molybdenum barrel. 

I Aooording to the gas wiping theory, eroelon of the 

i 
groqvae of small arma le due entirely to the meltingand 

I wiping of the surfaos of the grooves by the hot powder 
p gases while the erosion of the lands ie due alao to meohan- 
, ioal abrasion by the proJeatile. If the melting point of the 

’ . 

i 0 
lnterfaoe le raised tb a temperature higher than that of 
the gaaee than no melting should occur and the erosion 

r .*r ’ ehould effeot the land8 exclusively, with all of the weap 
due to abrasion. It la probably true that the effeot of 
abraeion is greater on the molybdenum than on the steel 
beoauee the metal is not homogeneous in structure. Moly- 
bdenum oannot be worked very easily and acoordlng to the 
manufauturer, the oenter of the rod received nothing but 
a "squeeze"; a8 a re8ult, the interface may aontain hidden 
oraoks which augment its sensitivity to frictional abrasion. 

The r*esulte obtained in thla test eupport the gae . 
wiping theory In that no erosion occurred in the region of 
the foroing cone or the grooves in the molybdenum barrel. 
The erosion of the land8 is due to the meahanlcal abrasion 
of the projeotile and abraaLon, in the ease of molybdenum, 
at lea8t, is of great importance, 

J-. R. xu 
J. R. Lane 

Ii. H. kornlg, ,. 
Lt. Cal., Ord. Dept., 
Chief Heeeareh Division 
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